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(54) Hue: IMPROVEMENT OF FRUIT QUALITY BY INHIBITING PRODUCTION OF LIPOXYGENASE IN FRUITS 
(57) Abstract 

The present invention relates generally to a transgenic fruit-bearing plant having a foreign nucleotide sequence inserted therein which 
is substantially similar to a portion of the plant's fruit ripening specific lipoxygenase cDNA. Transgenic plants according to the present 
invention produce fruits having modified and surprinsingly superior ripening characteristics, including improved quality and texture, greater 
firmness, longer shelf life, better packaging and storage characteristics and improved processing characteristics. Also provided are transgenic 
fruits; transgenic plant cells; methods for making inventive transgenic plants, fruits and plant cells; methods for inhibiting lipoxygenase 
production in plants; isolated nucleotide sequences; and vectors comprising these isolated nucleotide sequences. 
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IMPROVEMENT OF FRUIT QUALITY BY INHIBITING 
PRODUCTION OF LIPOXYGENASE IN FRUITS 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates to isolated nucleotide 

sequences; methods for using the sequences to make 
transgenic plants which produce edible fruits having 
improved firmness and longevity; and vectors having the 
nucleotide sequences incorporated therein. More 

10 specifically, the present invention relates to transgenic 

plants and methods for making the same, the genomes of said 
plants having incorporated therein foreign nucleotide 
sequences which function to inhibit production of fruit 
ripening specific lipoxygenase ( w FRS-LOX M ) in a ripening 

15 fruit. The inhibition of FRS-LOX gene expression provides a 
mechanism to improve characteristics of a fruit, including 
controlling fruit senescence and tissue softening associated 
with post-maturation processes. 

Discussion of Related Art 

20 Biochemistry o f Lipoxygenases 

Lipoxygenases ("LOXs M ) are nonheme iron-containing 
dioxygenases that catalyze the incorporation of molecular 
oxygen into unsaturated fatty acids containing cis, cis 1,4- 
pentadiene structure to yield a l-hydroperoxy-2-4-trans , cis 

25 pentadiene product. Typical substrates for LOXs in plants 
are linoleate (C18:2) and linolenate (C18:3) fatty acids, 
while animal LOXs prefer arachidonate (C20:4). Some LOXs 
are able to act on substituted fatty acid substrates, while 
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others require free fatty acids. 



to (1) the sxte of primary hydrogen abstraction * 
in plants, most f att y acids are esterif ied to a 

PnysfT "7 !* PlantS ' VC1 - 9:53 " »« 7 ' "ildebrand, 

representative of a unique type of LOX that requires th» 
association of the 5-LOX Activating Protein S for 
20 activity. Also, a LOX fro™ the rabbit reticulocyte h k 
reported to attac* n,itochond r ial ^branes " tha L 
any lipia hydrolyaing anay^es during th 71 u r a«on IT" °' 
e,yt„ r „ ld cell5 (Schewe at Aa v. E „ 2yiTOl . 5 B ^l^e,, . 

, miacgggnaafla; a »...^g r nir r mu M i 

" 1.0X3 have been found in a wide range of orqanis™, 

-eluding higher plants, ania.ais. yeast' fung^ne" 

ZT ll^llT"- A,m - Plant „oi. 

charaj I „ " ul "»«»i<= families have been 

characterized xn several plant and anina! species (Siedow 

» Annu. Rev. Plant Physiol. Plant Mol. Biol. », «. ' 
rord-„utchinso„ at ,1.. Anna. Re v. eiochen, 6 3:3e 
The best characterized plant LOXs are the three soybean 
cotyledon LOX .onoa.er isozymes; L-l. t - 2 and L _ 3 In 
globular, water soluble proteins with MWs of about 96 kD 

35 LOXS fron, rice, soybean, cotton, sunflower. toMato 
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Arabidopsis, cucumber, kiwi and tobacco are some that have 
been identified and are on the order of 95kD, with the 
exception of pea (72-108 kD) . Sequences reported for plant 
LOXs are approximately 60% homologous to one another. Human 
5 LOXs are about 60% homologous and are only 25% identical to 
plant LOXs (Ford-Hutchinson et al., Annu. Rev. Biochem. 
63:383, 1994). Some of the plant LOXs are larger than 
animal LOXs and show homology with them only in limited 
regions (Minor et al., Biochem. 32:6320, 1993). 

10 Biological Role(s) of Li poxygenases 

The function of various LOX isozymes in plant and 
mammalian systems is unknown. The hydroperoxide products 
from some animal LOXs serve as precursors in the production 
of leukotrienes and lipoxins, regulatory molecules involved 

15 in responses include leukotiene induced altered cell 

functions such as chemotaxis and chemokinesis. Roles of LOX 
during all stages of plant growth and development have been 
speculated (Siedow, Annu. Rev. Plant Physiol. Plant Mol. 
Bio. 42:145, 1991). LOX activity has been demonstrated in 

20 rapidly growing young tissues (germinating seedlings). It 

has been suggested that jasmonic acid and hydroperoxide free 
radicles, primary and secondary products of LOX, may play 
roles in plant senescence by promoting cell membrane 
deterioration, inhibiting protein synthesis and chloroplast 

25 photochemical activity. Upon tissue wounding, increases in 
LOX activity and mRNA accumulation have been seen in some 
plants. Traumatin and traumatic acid may be involved in 
wound healing of damaged plant tissues (Hildebrand, Physio. 
Plantarum 76:249, 1989). Another secondary LOX product, 

30* hexanal, may be produced in response to pest/pathogen 
attack. However, no evidence to support any of these 
hypothesis has been obtained. 
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Shelf Life of Fruit-* ^ u eoe) . ah1 ^ 

Fruits and vegetables are highly perishable crops and 
significant losses often occur after their harvest but 
before they reach the consumer. The primary causes of these 
losses are the inability to control: 1) senescence of these 
crops; 2) the ripening process in fruits; and 3) 
rapening-and sensescence-associated tissue softening. One 

to V TT VBS ° £ Pl8nt breSderS f ° r many ^ars has been 
to control these processes by introducing traits from wild 
ger ra plasm into the cultivafced species ^ 

attempts have been made to use recombinant ONA technology to 
modify some of these traits. Both antisense and co- 
suppression technologies have been used in some crop plants 
to modify the expression of specific genes which may have 
deleterious effects on plant growth and development or crop 
productivity in general. However, none have proven fully 
satisfactory in reducing the rate of tissue softening 
associated with post-maturation plant processes 

Major transitions in fruit development and metabolism 
accompany the initiation of fruit ripening. X „ addition to 
alterations in pigment biosynthesis and production of 
volatile compounds, fruits undergo significant changes in 
texture during ripening. The biochemical bases for 
ripening- and senescence-associated fruit softening are not 
yet understood; however, dissolution of the middle lamella 
and cell wall separation due to depolymerizat ion of pectins 
by Polygalacturonase as well as loss of calcium have been 
suggested to contribute to fruit softening. Only si ight 
approvement in fruit integrity has been reported in fruits 
with low polygalacturonase activity (Schuch et al 
HortScience 26: 1517, 1991; Carrington et al.. Plant 
Physiology 103: 429, 1993). 

There is a need for transgenic plants which produce 
fruits having modified ripening and post-maturation 
characteristics including improved quality and texture 
greater firmness, longer shelf life, better packing and 
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storage characteristics and improved processing 
characteristics . 
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SUMMARY OF THE INVENTION 

The invention described herein features inhibiting the 
expression of fruit ripening specific lipoxygenase rZs 
^OX ln a plant, specifically i„ ce il s of a fruit Qf fche 

cells " t FO V nStanCe ' «* can be introduced into 

cells to reduce FRS-LOX production. m a preferred 

" 6131 13 3 SSnSe ° r ^tisense fragment substantially 

No ra ; vv portion of the frs - lox cdna i- » id 

NO.4. Most preferably, the cell is a cell of . fru .°_ ID 
bearing plant, such as a tomato plant cell 
aDDl . " I 5 SXpected that the present invention can be 
applaed to the inhibition of FRS-LOX gene products in a wid. 
varrety of useful plants. These may include, fol exl^ 

::zz: lly T°- tant fruit - beari - p^-s in which : 0 :: 

Peaches h ^ fedUCeS eC ° n ° miC SUch - -Ions, 

Peaches, bananas, apples, strawberries, kiwi fruit , and in 

Particular the tomato. 

The present inventors have made the surprising 

f r ur:;::it that u> inhibi ^°* .™« y iraProves 

life- ^d 2) ieS ! UCh f0r .W«' fi ™ -d shelf 

K ' <2) antlsense a "<* co-suppression (sense) 

technologies can be successfully used to inhibit FRS-LOX 
gene expression in plants so as to provide fruits havino 

:rfe erio i r t q r: i b t ; es T h as - for ::?:i 1£ 
; t:^zt fruit quaiities — 

Ky ° £ cegradative pathways (e a 
membrane deterioration); however, it is not intended that 
the present invention be limited to this tneory 

Braefly describing one aspect of the present 
mvention. there is provided a method for making a 
transformed plant having ilnproved fruit compr . 

V" m ' ide SeqUMCe int ° ° NA ° £ the in a 

as to inhib " nS : Orient " ion * -"abie promoter so 

as to lnh , bl t production of lipoxygenase in the fruit of the 
Plant as xt ripens. In a pre£erred . S e q ue„ce of 
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nucleotides is inserted into a target cell by providing a 
vector comprising the nucleotide sequence and contacting the 
vector with the target cell. 

Additional aspects of the present invention include 
5 vectors having incorporated therein nucleotide sequences 
having substantial similarity to all or a portion of the 
sequence of SEQ ID NO:4 (FIG. 4). 

Additional aspects of the invention include constructs 
selected from the group consisting of pMLSL, pMLAL, pUSL2, 
10 PUAL2, pUEL300S and pUEL300A, which are useful for inserting 
foreign DNA into a plant cell genome. 

According to other aspects of the present invention 
there are provided transgenic fruits, transgenic plants and 
transgenic host cells, preferably plant cells such as germ 
15 cells and cotyledon cells. These various transgenic hosts 

are preferably transformed by having incorporated into their 
genomes, nucleotide sequences as delineated above and 
described in greater detail below. 

It is an object of the present invention to provide 
20 transgenic plants which produce fruits having modified 

ripening characteristics, including improved quality and 
texture, greater firmness, longer shelf life, better 
packaging and storage characteristics and improved 
processing characteristics. 
25 Further objects, advantages, and features of the 

present invention will be apparent from the detailed 
description which follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 sets forth the nucleotide sequence of one 
Port.cn of the fruit ri Pe „ ing specific 

5 acco hich is inserted int ° * -» — . 

Invenul 9 ; 0 °~ »' ^ present 

FIG. 2 sets forth the nucleotide seouence of 
Portion of the PKS-U* 9ene which is iZ 'i oT L 

FIG. 3 sets forth the nucleotide sequence of a „„ th 
Porti on of the FRS-LOX gene which is i-^T^Tp^ 

15 cod - FIG " 4 SetS f ° rth ^ nucle °t^e sequence of the 
codxng regxon of a tomato FRS-LOX gene cloned and 

FIG. 5 shows various regions of the tomato FRS-LOX 



20 



invention, 
FIG 



a.vs after br * ! """ess vs. the number of 

days after breaker for a transgenic tomato of the present 
mventron < 65 o-l, and an Ohio control tomato. -BreaKer ■ as 
" "« a -e«in- is intended to denote the time at which I 
tomato be,i„s to cha„ g e color from 9 reen to orange 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
For the purposes of promoting an understanding of the 
principles of the invention, references will now be made to 
certain embodiments and specific language will be used to 
5 describe the same. It will nevertheless be understood that 
no limitation of the scope of the invention is thereby 
intended. Any alterations and modifications in the 
invention, and such further applications of the principles 
of the invention therein being contemplated as would 
10 normally occur to one skilled in the art to which the 
invention relates. 

In accordance with the present invention, there are 
provided transgenic plants and fruits and methods and 
materials for making them. It has been discovered that the 
15 expression of the fruit ripening specific lipoxygenase 

("FRS-LOX") gene, and correspondingly, the level of FRS-LOX 
enzyme activity, are implicated in causing fruit weakening 
and membrane deterioration in post-maturation fruits. It 
has also been discovered that these processes can be 
suppressed in plants by the introduction of a foreign 
nucleotide sequence having substantial similarity to all or 
a portion of the coding sequence of the FRS-LOX gene (e.g., 
as set forth in FIG. 4, SEQ ID NO: 4) in either the sense or 
the antisense orientation. The invention thus provides 
recombinant DNA with which to achieve such suppression, 
methods for transforming plants to achieve such suppression, 
and the resultant transgenic plant cells, transgenic plants 
and transgenic fruits thereof. The term "substantial 
similarity," as used herein, is intended to mean 
30 sufficiently similar to cause improved fruit quality by 

inhibiting lipoxygenase production in a fruit when inserted 
in sense or antisense orientation. For example, it is 
contemplated that nucleotide sequences useful in the 
invention will hybridize, under stringent hybridization 
35 conditions, to the coding sequence of the FRS-LOX gene 
(e.g., the nucleotide sequence of SEQ ID NO:4; FIG. 4). 



20 



25 
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10 



15 



20 



25 



30 



35 



of thl EXa " PlCS giVen below dearly show that the methods 
of the xnventxon, using the expression of a nucleotide 
sequence comprising a portion of the FRS-LOX cDNA, results 
5ubstanti *V inhibition of FRS-LOX. Tomato fruit and 

' fi„T SSedS ' eXamPle ' Pr ° geny of thes * P^nts will 

find use in the production of new tomato varieties 

containing reduced FRS-LOX . These plants are useful in the 
Production of tomatoes of improve* quality, which have a 
longer storage life, better transportability, better field 
ho Idxng (i.e, fruit lasts longer i„ good con Lion 1 ^ 
Plant prxor to harvest) or be easier to process, and may 
produce ^proved products such as whole peeled tomatoes^ 

Z^ox ^ " SaUC6S - " Wil1 bG - de "tood that an 

FRS-LOX gene appears not only in tomatoes, but also in a 

varxety of other plants and that the invention can be 
used not only for the inhibition of tomato FRS-LOX, but also 
for the inhibition of FRS-LOX and similar enzymes n var ous 
other fruxt-bearing plant species. !„ these other species 
of course, the inserted foreign nucleotide sequence must ' 

FRs e LOX Stantial 5imilarity t0 «» -or a portion of the 
FRS-LOX gene associates with that species. 

The Preferred aspects of the present invention are 
carrxed out using the FRS-LOX gene. The cDNA clone for a , 
tomato FRS-LOX gene (shown in FIG. 4; SEQ ID HO: 4) has 
2 871„ucleotide base pairs ana an open reading frame encoding 

of IT^ V ' a, ° in0 aCidS " ith -ovular mass 

73 P 5 - 5 ' °* "guenco reveals 

73 and 82 percent similarity at nucleic acid and amino acid 
levels, respectively, to a LOX cloned from wounded potato 
tubers which show 5-LOX activity on arachidonic acid 

Plant"^ *' T" Bi ° Chem - Bi ° PhyS - ACta 916 ' 13 ' »<"'• Casey. 
Plant Physxology 107:265, 1995). 

in accordance with the present invention, a nucleotide 
sequence having substantial si.ilarity to all or a portion 
of the coding sequence of the FRS-LOX gene (SEQ ID NO : 4 ) is 
incorporated in a recombinant DNA molecule under the control 
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of a promoter. In this regard, a recombinant DNA molecule 
is one which has either been naturally or artificially 
produced from parts derived from heterologous sources, which 
parts may be naturally occurring or chemically synthesized 
5 molecules, and wherein those parts have been joined by 
ligation or other means known in the art. The introduced 
FRS-LOX coding sequence is under control of the promoter and 
thus will be generally downstream from the promoter. Stated 
alternatively, the promoter sequence will be generally 
10 upstream (i.e., at the 5' end) of the coding sequence. 

A constitutive promoter was used in the methods 
described in the Examples below. However, targeting of the 
gene product can be obtained using a constitutive (e.g. 
Cauliflower Mosaic Virus 35S promoter), inducible (e.g. 
15 Tomato E8 ethylene inducible promoter) or developmentally 
regulated (e.g. Tomato polygalacturonase promoter) promoter 
to construct the vectors. 

With respect to the function of the promoter, it is 
well known that there may or may not be other regulatory 
20 elements (e.g., enhancer sequences) which cooperate with the 
promoter and a transcriptional start codon to achieve 
transcription of the introduced (i.e., foreign) sequence. 
The phrase -under control of contemplates the presence of 
such other elements as are necessary to achieve 
25 transcription of the introduced sequence. Such 

transcription can be assessed, for example, by the detection 
of the mRNA products of the same. Also, the recombinant DNA 
will preferably include a termination sequence downstream 
from the introduced sequence. 
30 The introduced sequence according to the instant 

invention is preferably a nucleotide sequence having 
substantial similarity to all or a portion of the nucleotide 
sequence that encodes the FRS-LOX enzyme (see for example, 
SEQ ID NO: 4) . As used herein, the term -portion- is 
35 intended to refer to a nucleotide sequence having a 

sufficient number of nucleotides to cause improved fruit 
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10 



15 



quality by inhibiting lipoxygenase production in a fruit 

zirzr in sense or ant ™ «. t his 

regard, codxng sequences of about 90 base pairs have been 
shown to possess inhibitory properties in sense 

^"aTsT* (See VaUeh6ret H ' <1993> "-tification of a 
General Sxlencer for 19S and 35S Promoter in a Transgenic 

iTtzAiT n :r t of hornoiogy in the promoter se ™ 

sea. ACC ° rding t0 the Present invention, the introduced 
sequence can have either a sense or an antisense 

suitable 10 "' 0811 C ° ntain nUCle0ti ^ -quences fro. any 

suxtable source, including both natural and synthetic 

sources m a preferred embodiment, the introduced sequence 

xs one of those of FIGS . 1-3 (SEQ ID NOS:l- 3 ) or one hlvlna 

substantial similarity to one of these sequences , and 5 ' 

incorporated in either a sense or an antisense orientation. 

One preferred vector according to the present 

ZlTolZ' 6XamPle PMLSL —struct, comprises the 

nucleotxde sequence shown in FIG . 1 (SEQ id NO: 1) i„ the 
sense orientation (See Example 3, below) . The DNA insert 
shown xn SEQ ID NO: I is a 2440 base pair. DNA fragment 
representxng nucleotides 158 to 2598 of the fruit FRS-LOX , 
gene shown in FIG. 4 (SEQ ID NO: 4) . Another preferred 
vector, for example the pMLAL construct (See Example 3, 
below), comprises the same DNA fragment inserted into the 
vector xn the antisense orientation (reverse order) 

Another nucleotide sequence which is advantageously 
xnse rted into a vector according to the present invention is 
^sequence containing the full-length FRS-LOX cDNA (SEQ ID 
N0.4) havxng 2871 base pairs. This nucleotide sequence is 
hown xn FIG. 2 (SEQ id N0:2). This sequence may also be 

he e pus\ 2 in — orientation <see, for example, 

the puSL2 construct described in Example 4, below) or the 

antxsense orientation (See, for example, the pUAL2 construct 
construct described in Example 4, below) 
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A third nucleotide sequence which is inserted into a 
vector according to a preferred embodiment of the present 
invention is a sequence containing nucleotides 1 through 297 
of the FRS-LOX gene shown in FIG. 4 (SEQ ID NO:4). This 
5 sequence is also set forth in FIG • 3 (SEQ ID NO:3). As with 
the previously-described sequences, this nucleotide sequence 
may be inserted into a vector in either the sense 
orientation (see, for example, the pUEL300S construct 
described in Example 5, below) or the antisense orientation 
10 (see, for example, the pUEL300A construct described in 

Example 5, below). These vectors are all useful for making 
inventive transgenic plants as described above. 

Additionally contemplated by the present invention is a 
vector having incorporated therein a nucleotide sequence 
15 substantially similar to one of the above-described 
nucleotide sequences. 

Suitable nucleotide sequences for use as starting 
materials in the present invention can be isolated from DNA 
libraries obtained from other species by means of nucleic 
20 acid hybridization or PCR, using as hybridization probes or 
primers for FRS-LOX, nucleotide sequences that have been 
published for FRS-LOX genes. Alternatively, antibodies to 
the FRS-LOX protein can be used to screen a plant cDNA 
library for clones that express the FRS-LOX protein. The 
25 cDNA thus identified as FRS-LOX-protein-encoding can then be 
used to isolate a genomic clone containing a similar 
nucleotide sequence or a portion thereof. For an 
illustrative list of clones obtained in this way, see Table 
1 in Example I below. 
30 In accordance with the present invention, the FRS-LOX 

insertion sequence can be, but is not necessarily, a mutant 
form. Mutations may include, for example, insertions, 
deletions, and/or substitutions of one or more nucleotides. 
Such a mutation in accordance with the invention will 
35 provide a coding sequence which, when inserted into a plant 
in the sense or antisense orientation under the control of 
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a promoter that is expressed in the plant, achieves the 

^TfrTlox a ^ t the ~ P - SSi - of a natural FRS-LOX g ene and 
the FRS-LOX activity of the transgenic plant. 

Recombinant DNA in accordance with the invention can be 

:™ rated into vectors and intr ° duced ^ ™ of 

plants using conventional *-=~v._ • 

. „ onventional techniques. in this regard, the 

term -genome" as used herein is intended to refer to DNA 
which is present in the plant and which is heritable by 
Progeny during propagation of the plant. For example, the 
10 invention is illustrated in the Examples below utiL ng 
Asrobactewn tumefacie llS - me6iated transformation, although 
other techniques can also be used and are within the purview 

v e P L r ;? ily skiiie * artisan - The *<>r r 

given plant species or specific type of plant tissue win 
depend upon the Known successful techniques. Additional 
means for introducing recombinant DNA into plant tissue 
include but are not limited to electroporation 
microprojectiles, Microinjection, as well as orher T-DNA 
mediated transfer from Agrobacterium tumefaciens 
¥ . t he recombinant DNA is introduced into the plant 

tissue, successful transf ormants can be screened using 
Standard techniques such as the use of marker genes, I g 
oenes encoding resistance to antibiotics. Additionally!*^ , 
level of expression of the natural FRS-LOX gene of 
transgenic plants may be measured at the transcriptional 
level or as protein synthesized. 

Transgenic plants in accordance with the present 
xnvention can also be identified by detection of a 
signif icant increase in the firmness of the fruit of the 
TneT 61 / Plant " t0 its -i^-type counterparts. 

Imple b mneSS ° f 3 Wh ° le ftUit bS *t.r.iL/fo. 

lHT m u l USln9 C ° nVentional te ^ing equipment such as a 
McCormicK Fruit Tech (Yakima, WA) firmness pressure tester. 

force 1,35 3 PlU " 9er meaSUreS thG P-etration 

force necessary for the plunger tip to enter the fruit 

epidermis. In performing these tests, about a 1 cm square 
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section of the waxy epidermis from each fruit was removed 
where the measurement was to be taken. A minimum of six 
fruits were analyzed and the mean and standard error were 
calculated. The results of various firmness tests are given 
in Table 3 below. 

Fruits produced by transgenic plants made according to 
the present invention are superior to other fruits due to 
the advantageously modified ripening characteristics 
including improved quality and texture and greater 
firmness. These characteristics are believed to result from 
reduced activity of degradative pathways in the fruit (e.g., 
membrane deterioration); however, the present invention is 
not intended to be limited by this theory. These 
characteristics are economically important, for example, 
because they impart to the fruit improved shelf life, better 
packaging and storage characteristics and improved 
processing characteristics. The present invention provides 
fruits which are much more easily handled than other fruits, 
and which are much less likely to be bruised or smashed in 
the normal course of harvesting, handling , transportation 
and delivery to a consumer. 

According to the present invention, a partial 
inhibition of lipoxygenase production is adequate for 
improving fruit quality. Varying levels of inhibition can 
be obtained by either selecting other t ransf ormants , using 
different fragments of the nucleotide sequence of the FRS- 
LOX gene <e.g.,SEQ ID NO:4) or using a different promoter, 
as will be apparent by those skilled in the art. In this 
regard, preferred transgenics of the invention exhibit at 
least about a 50% reduction in the level of natural FRS-LOX 
gene expression or FRS-LOX activity, and in more preferred 
transgenic plants, reduction is 60% or more. Most 
preferably, transgenic plants of the invention exhibit at 
least about 70% reduction of these processes. 

Transgenic plants in accordance with the invention can 
be cultured and reproduced under standard conditions and 
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"sing standard technigues. tl kewise. transgenic fruits 

:t p :zi:z. fc ~ ic — - - ~t io „:;:; c : sea 

The invention will be further described » (t h 
to the following specific E *,„pies. How^r. t K " T" 
understood that the Examples are offered to u the "* 
illustrate the present invention, but are not to be 
construed as li raiting tne scope tnereQ£ b * 

EXAMPLE ONE 
Molecular Cloning of FRS-tox cdha 
A 90 fed protein that accumulates in the red ri™ „ - t 
of a tomato plant, purified bv ammonium sulfate ' " 

::::r ;:^„ h .T:„:rr to9 " phr 

antibodies were used ^^T^'^^ 
recombrnant clones from ,„ expression cDNA library 2L from 
Poly A+rha from red-ripe tomato pericarp in the ZZZ Z 
vector. Among the 24 CDHA clones clones were 

tne W lnSertS ^ •*>««■«•-«% homology wHh 

One T t T° f8mily ( ° en Bank ™ BL librar es, 

Uhra o C bt- ° btained " Sed '° ™n the 

Hand! n, T 3 fUll - le "' th "»-«« gene (Kausch and 

Banda. Plant Physiology 107:669. 1995, PIr . „ 
nuclBir. *»»»). FIG. 4 shows the 

nuclexc acad sequence of this gene. Table 1 shows percent 
similarities of this fr<; toy . percent 

Plant species. "™* *° ^ Cl0 " eS f ™" « h « 
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Table 1. Comparison of the fruit ripening specific 
lipoxygenase gene sequences at DNA and amino acid levels 
with other plant Lipoxygenases . 



Lox Gene 
5 Accession # 



Percent Similarity 



Nucleic Acid 



Amino Acid 



15 



Leu09025 


99.5 


99.1 


JCeu09026 


72.7 


81-7 


Stloxl 


73.2 


81.6 


Athlipoxy 


64.6 


75.7 


Athatlo 


51.6 


61.4 


Pvlipoxy 


64.8 


74.9 


Soy lox 


61.4 


69-7 


Soyloxb 


62.8 


73.3 


Soyloxc 


62.7 


67.6 


Pslipox 


61.4 


71.9 


Gmu04526 


62.0 


73-0 


Gmu04785 


54.1 


71.2 


Pslipocy 


61.7 


73-7 


Oslma 


54.1 


71.2 


Ricl20p 


48.2 


61.2 
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10 



15 



20 



EXAMPLE TWO 
Construction of Vectors 

d if£ «LTl Se " Se '-tors containin, 

afferent regions of the cloned FRS-LOX fPln „ > 

to create transonic tomato piants "1,1 V ' 

vectors made ana specific procedures usee \ ^""^ tne 

are described in Examples 3.° " Sed t0 them 



Table 2. 


Suirana ry 


of Sense and 


Antisense 


I*OX Vectors. 


Name of 
Vector 


Sense 


Name of Antisense 
Vector 


Insert Size 


pMLSL 
PUSL2 
PUEL300S 




pMLAL 
PUAL2 
pUEL 




244 0 bp 
2871 bp 
300A 297 bp 






EXAMPLE 


THREE 





Construction of pMLSL/pMLAI. 

Caulif/' 7 ^ EC ° m ^ ° /a/ ° NA fra ^ ent containing the 
Cauliflower Mosaic v irus (CaMV 3 promoter *" 9 the 

suounit of the Kibulose 1 . 2-BisphosphaT ^ ^ 

Carboxylase/Oxygenase (rbcSi 

T ti-c IO „in, sites j r::;aL c :;~ r:: ch :::r:" in9 



25 



30 



a partiai ^ c 0 "„Te " a „dT " i50lat * a 
-uUi-cionin, sites preset "e „ .e * t 

and rbc«? t • , taBV 35S Promoter 

" bCS 3 termnator sequences in P TZ35rbcS in both 
orxentations. The done with the «* cdna in the sens 
orientation relative to the CaMV * 
OT7CT u-, ' CaMV 35s Promoter was named 

PTZSL, while the clone with the LOX cDNA in the anLT 
orientation relative to the CaMV " antisense 

to the CaMV 35S Promoter designation as 
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pTZAL • Restriction mapping and Southern blotting with CaMV 
35S, LOX and rbcS 3' probes and DNA sequencing were used to 
establish structure of pTZSL and pTZAL . 

5 3- The 4*1 Kb DNA fragments containing the CaMV 35S 

promoter, 2440 bp LOX DNA fragment in sense or antisense 
orientation and rbcS 3* terminator were obtained from pTZSL 
or pTZAL, respectively. These fragments were cloned between 
the EcoRI and Sma I sites in pMLJl (an Agrobacterium 
10 based transformation vector) both in sense and antisense j 
configuration to obtain pMLSL and pMLAL, respectively. ! 
Restriction mapping and Southern blotting with CaMV 35S, LOX j 
and rbcS 3' probes and DNA sequencing were used to establish j 
structures of pMLSL and pMLAL . 

• . i 

15 i 

EXAMPLE FOUR 

Construction of pUSL2/pUAL2 j 
1- A 0.6 kb DNA fragment (0.6 kb) containing the rbsS 
terminator was isolated from ptZ35rbcS and cloned at Xba I 
20 site of pGEMUZ to create pGllrbcX. 

2. The CaMV35S promoter (1.1 kb) was isolated from 
pTZ35rbcS after digestion with Sac I and Hind III , ligated 
with Hind III-Eco RI linkers, and forced cloned between Sac 

25 / and EcoRI sites of pGllrbcX to create pG35rbcX. 

3. The SacI and Hind III DNA fragment containing CaMV 

35S promoter and rbcS terminator isolated from pG35rbcX was 
blunt ended (using T4 polymerase) and ligated to the blunt 
30 ended Apa I and Sail digested pMLJI to create pML35rbc. 
This vector (8.45 kb) has been designated as pPUHll* 
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!„ue,» ^ r 9 " 6 "' CO " tainin ' «» ^ll-le„, th PRS-LOX CDNA 
(nucleotide 1 to 287!. See „G. 2. SEQ ID HO:2> « as isolatea 

.TJ T 10 - 1 "- 1 a£tei ««~"- »«" ana XHor 

and bl„„t-e»aea with T4 DBA Poiymerese. This DMA rr a ™,e»t 

»./ arte to create p TO1>2 (sense) and ^ <a „ ti 
vector., respective^. Restriction „,ppi ng and Southern 
blottrn, wrth CeM* 3 5s . m ana rbcS 3 . probes ,„„ DBA 

>. pZr"" 9 USed t0 BStablisb or PUSL2 a „a 

EXAMPLE FIVE 
Construction of pUEL300s/pUEL300A 
„ ™ (Fir 3 fr ^r nt C ° ntaining "-leotiaes 1 to 297 of FRS— 

° ^ N ° :3> ^ S ° btaine ° *«er polymerase 
chaxn reaction using a LOX-specific primer (a 17-mer 
olxgnucleotide with the sequence 5' GGGTGATGTCTGTAAGC3 * 
corresponding to the nucleotides 297-281, and the T3 Primer 

20 uLl T imer iC f ° r thS " prWBOter heated 90 bp 

20 upstream of the FRS-LOX cDNA sequence in pBluescript) . ThL 
DNA fragiB e nt (0 . 387 to) Mas cloned . nto T _ ta .; 

PBluescript KS to yield pKSRS17. 



25 



after ^£ d . Was obtained from pKS RS 17 

an L^f «*0~d in both orientations into 

anfco*, dxgested pPOHll using T4 DNA li gase to create 
POEL300S (sense) and P UEL300A (antisense) chimeric genes 
respectively. Restriction mapping and Southern blotting' 
wxth «f ,58. LOX and rbcS 3' probes, and DNA sequencing 
30 -ere used to establish structure of P UEL300S and pUEL300A. 

EXAMPLE SIX 
Transfer of Vectors to Agrobacterium 

35 PUEL30oI VeCt ° rS PUSL2 ' PUAL2 ' PMLSL ' PMLM " PUEL300S — 
35 PUEL300A were mobilized into AgrobacUHum tumefacUns 
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strain pGV3850 using standard tri-parental mating techniques 
with a helper plasmid pGJ23 . Transformers were selected 
using appropriate antibiotics. Total DNA was isolated from 
selected strains, digested with several endonuc leases , 
separated on agarose gels by electrophoresis, blotted to 
membrane and hybridized to various probes to confirm the 
presence of all parts of the respective chimeric gene in 
Agrobacterium . 

EXAMPLE SEVEN 
Creation of Transgenic Plants 
Cotyledons from eight day old tomato plants were cut 
and placed on tobacco cell feeder layers for 24 hours before 
infecting with an Agrobacterium strain (as prepared 
according to Example 6) harboring plasmid containing a 
chimeric gene. After a 30 minute infection period, the 
cotyledons were placed back on the tobacco cell feeder 
layers and incubated for an additional 48 hours before 
transferring onto a tomato regeneration medium containing 
kanamycin and cefotaxime- Every two weeks the explants were 
subcultured into new regeneration media. Regenerated shoots 
were rooted using a tomato rooting medium. The rooted 
plants were removed from tissue culture and placed in a 
growth chamber in soil for 2 weeks. The plants were then 
moved to the greenhouse. The presence of the inserted DNA 
in transgenic plants was confirmed using DNA gel blotting of 
genomic DNA obtained from transformed (regenerated) tomato 
plants . 

EXAMPLE EIGHT 

Level of FRS-LOX mRNA and Protein in Plants 
Transformed with pMLSL 

The levels of FRS-LOX mRNA and protein in ripening 
fruits from the primary transgenic tomato plants expressing 
pMLSL analyzed were about 50% of that wild type parental 
fruits. FRS-LOX mRNA and protein levels were determined 
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usxng rna gel batting and inlmllno blottlng> tmmpmetl 

S,nCe ~* £ro ™ Primary transgenic plants seglegLd 

: ' n0rmal *— "« «—r they are beliLa to be 
herterozygous £or tne lntroduce(J ^ 

EXAMPLE NINE 
H«ect of ~ F ™ ? _^ rSn „ e „ peni „ 3 . Assoclate<j 

-a„j::j:^^rt„rz:; 0 :: d r s t tra ~ c — 

otlde sequence of SEQ ID no • i 4 » 
Tech (Yakxma. „ A) firmness pressure te5ter 

lT:ZV iP "» —ration force necessary 

„„ „ " . est -- about » 1 c "> square section of the 

»asy epxdermxs fro. each fruit was removed where the 
measurement was to be taHen. A minimum of si, fruits were 
analyzed and the mean and standard error were caic Jd 

fxrmne "prison of ripening-associated fruit 

fxrmness over time post breaker in ^-eso-l fruits 

wird^e- t0m : t0 tC8nS£ ° Imed " lth the PMLS1 " —'•»> and 

fruits f " PlantS ' Tab,e 3 Sh °" 5 th * «™~~ of 

fruxts from segregating progeny of PMSL-650-1 with zero „„» 

clearly demonstrate that reduction of the PRS-LOX inhibits 
rxpenxng-associated fruit softening. 
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Table 3. Firmness of Fruits from Transgenic Tomato Plant 
Containing 0, 1 and 2 copies of inserted pMLSL Gene. 

Fruits Firmness, lbs. 



Days After 

5 Breaker Copies of Inserted Gene 



Stage 



7 8.85+/-0.96 9.51+/-0.67 15.51+/-1.94 

10 6.29+/-0.49 7. 43+/-0. 42 11.46+/-2.93 



10 While the invention has been described in detail in 

the foregoing description, the same is considered as 
illustrative and not restrictive in character, it being 
understood that only the preferred embodiments have been 
shown and described and that all changes and modifications 

15 that come within the spirit of the invention are desired to 
be protected. 
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What is claimed is: 



1. A method for making a transformed plant h* ■ 

fruit quality comprising; haVln9 im P^ved 




=■ The method according to claim 1. wherein th - i 

tomato plant. rein the Plant is a 

3- The method accordinq to claim 1 u h«. • 
10 comprises: ' wherein said inserting 

Providing * vector comprising the fn reian 
nucleotide sequence; and 9 " 

contacting the vector with a target cell of *h 



a ted 



4 - The method according to claim 1 wherein 

seguence has substantial similarity t Till VT ""f?""* 
-ding region of the plant • , native rur t ripen " " " 

liooxygenase oeno '"^ ri P eni ^ specific 



20 5. The method according to claim 1 wherein «-h 

seguence has substantial similarity \o ^ or a "V""" 
sequence of SEQ ID No: 4. Portion of the 



6- The method according to claim 1, wherein th. 
sequence has substantial similarity to th! » f nucl -tide 
25 set forth in SEQ ID no-1 nucleotide sequence 
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7. The method according to claim 1, wherein the nucleotide 
sequence has substantial similarity to the nucleotide sequence 
set forth in SEQ ID NO: 2. 

8. The method according to claim l, wherein the nucleotide 

5 sequence has substantial similarity to the nucleotide sequence 
set forth in SEQ ID NO: 3. 

9. A method for inhibiting lipoxygenase production in a plant 
comprising: 



10 



inserting ? nucleotide sequence into DNA of the plant 
it' the sense or antissnse orientation so as to inhibit 
production of fruit ripening specific lipoxygenase in the 
fruit of the plant during ripening; 

wherein the nucleotide sequence is substantially similar to 
all or a portion of the plant's native fruit ripening 
15 specific lipoxygenase. 

10. A vector for inserting a nucleotide sequence into a 
fruit-bearing plant aenome comprising a nucleotide sequence, in 
either a sense or an antisense orientation, havihq substantial 
similarity to all or a portion of a nucleotide sequence of a 
fruit ripening specific lipoxygenase native to the plant beinq 
transformed. 



20 



11. The vector according to claim 10 comprising a nucleotide 
sequence having substantial similarity to the nucleotide 
sequence of SEQ ID NO:l in either a sense or an antisense 
orientation. 

12. The vector according to claim 10 comprising a nucleotide 
sequence having substantial similarity to the nucleotide 
sequence of SEQ ID NO: 2 in either a sense or an antisense 
orientation. 
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13. The vector according to clala, 10 comprising, a nucleotide 
sequence havi„ 9 substantial similarity to the nucleotide 

:~ io °:. sEQ id no:3 s - eith - * — - - — 

5 14. a DNA construct selected from the group consisting , 

pMLAL, pUSL2 , pUAL2 , pUEL300s or pUEL3 ^ A / C ° nS1Stlng ° f P^SL, 

15. A transgenic plant cell comprising a foreign nucleotide 
sequence in its genome in the sense or antisense ""^T^ 1 ** 
orientation, the foteign nucleotide sequence being 
substantial)-, similar to an or a portion of a fruit 
opening specific lipoxygenase native to the plant being 
transformed. 



10 



15 



1G. 



A transgenic pia,,* comprising a foreign nucleotide 
sequence in its genome in the sense or antisense 
orientation, the foreign nucleotide sequence being 
substantially similar to all or a portion of the plant's 
native fruit ripening specific lipoxygenase. 

17. The transgenic plant of claim lo, the foreign 
nucleotide sequence being substantially similar to the 
-O nucleotide sequence of SEQ ID NO:l. 



18- The transgenic plant of claim 16, the foreign 
nucleotide sequence being substantially similar to the 
nucleotide sequence of SEQ ID NO: 2. 

1?. The transgenic Plant of claim 16, the foreign 
nucleotide sequence being substantially similar to the 
nucleotide sequence of SEQ id NO: 3. 

20. A transgenic fruit produced by the plant of claim 16. 
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21. The transgenic fruit according to claim 20, wherein the 
foreign nucleotide sequence is substantially similar to a 
member selected from the group consisting of the nucleotide 
sequence set forth in SEQ ID NO:l; the nucleotide sequence 

5 set forth in SEQ ID NO: 2; or the nucleotide sequence set 
forth in SEQ ID NO: 3. 

22. The transgenic fruit according to claim 16 which is a 
tomato. 
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FIG. J 

SEQ ID NO:l 



158 TTC 
201 TCTATCCAAT 
251 ACTGAGCAAT 
301 TAACAGCAGG 
351 GAGTTTGGAG 
4 01 GTTCTTTCTC 
451 TCCATTTTGT 
501 GACCGCATTT 
551 ACCATTGCGA 
601 GAACTGGAAA 
651 AATGACTTGG 
701 TGGAGGGTCC 
751 AACCAACCAA * 
8 01 AGCTTAGACA 
851 GTCAGACTTT 
901 CTGCGTTTAA 
951 GCGGATGTAC 
1001 TTGGTTGAAA 
1051 TCCTTCAAAC 
1101 ATTCAAGGCG 
1151 AATGTTGGCA 
1201 CTCCGAAGAG 
1251 ATTACCACAG 
1301 GGCAATCAAG 
1351 TGCCACTATT 
14 01 TCAAGAACTC 
1451 AATTGAACTA 
1501 GTAAAGTATA 
1551 TTTGCCAAAG 
1601 TAGCCACTGG 
1651 CAAATAGGCA 
1701 CATTTCCGTA 
1751 CTATGATGGT 
1801 AAATGTCAGC 
1851 CCTGCTGATC 
1901 ACATGGCATT 
1951 TGGAAATTTG 
2001 TATTACAAAT 
2051 GTGGAAGGAG 
2101 GGTGGCCTAA 



AGTTGTTGAT 
TGATAAGTGG 
CCAGCATACT 
GGAATCAACT 
TTCCAGGAGC 
AAGTCACTCA 
ATGCAATTCT 
TCTTTGCCAA 



AAATACAGAG 
GCTTGAAGAA 
GTGAACCAGA 
TCTGAGTACC 
* AGCAGATCCT 
TATATGTCCC 
TTGACGTCGT 
GGCTTTGTGC 
TTAATCTCTA 
GCCATTACTG 
GGATGGTCAA 
AT AAAACTG C 
GGATCCAATC 
CAAGTTGGAT 
AACATGTACA 
AGTAACAGGT 
GAGGAAAATT 
TGCTCTTCCT 
AGCTTGCCAC 
TACACCAGCT 
CCTATGTAGC 
TTGAATACAC 
TCTAAGTGTG 
ACACGATGAA 
GGTTTTGAGA 
AGCAGCTTAC 
TCCTCAAAAG 
CGTTTACTGA 
GGCAGCAATC 
CTGACGAGAC 
CTCCGCGAAG 
ACTGCAAACT 



GGCATTTCTG 
TTCTGTTAAT 
TAGAGAGTTG 
TTTAGTGTTA 
ATTCATCATC 
CACTCGAAGA 
TGGGTTTATC 
TCAGGCTTAT 
AAAATGAACT 
TGGGACAGGG 
TAAGGGGGAA 
CGTATCCTCG 
AATTGCGAGA 
AAGGGACGAG 
CCTTAAAATC 
GATAACACGC 
TGAAGGAGGA 
ATAACATTTC 
GGCCTACTTA 
ATGGAGGACG 
CTGTCTTAAT 
CCAACCATAT 
GGATAAGTTG 
TATTCATATT 
AACATGTCAG 
ACAAGATGAT 
ATCCAGACGG 
GACCAAGGTG 
AGTGAATGAC 
ACGCGGTGAT 
CTTCATCCCA 
CATAAATGCT 
CGTCTCTTTT 
AAAGATTGGG 
AGGAGTGGCT 
TTCTGGACTA 
AAAAGTTGGG 
AGTAGAGAAA 
AAGGACATGG 
CGACAAGAGC 



ATTTACTTGG 
TATGATGGTT 
GCTTACAGAC 
CATTTGACTG 
AAGAATCTTC 
TGTTCCTAAT 
CTGCTTTTAG 
CTCCCAAGTG 
GGTAGCTTTG 
TTTATGATTA 
GAGTATGCTA 
TAGAGGCAGG 
GCAGGAACCC 
CGATTTGGTC 
CTCTTTGCAA 
CTAATGAGTT 
ATCAAGTTGC 
CTCAGAGATA 
AGTACCCAAC 
GATGAAGAAT 
CAGTAGACTC 
ATGGAAACCA 
AATGGATTAA 
GAACCACCAT 
CAAACACAAA 
AGAACTTTGA 
AGATCAATTT 
TTGAAGGTTC 
ATGGGCATTC 
CGAACCATTT 
TTCATAAACT 
TTAGCAAGAG 
TCCTGCCAAA 
TTTTCCCTGA 
GTTGAGGACT 
TCCATATGCT 
TAACAGAATA 
GACACTGAAC 
CGACAAGAAA 
TCAGAGATTG 



CCAAAAAGTC 

TGGAAGGGAA 

ATCACCCCAA 

GGATCGTGAC 

ATCTTAATGA 

TATGGAAAAA 

ATACAAGTCT 

AAACACCACA 

CGAGGAGATG 

TGCTTGCTAC 

GGCCTATCCT 

ACAGGCCGCG 

ATTGCCTATG 

ATGTGAAGAA 

ACGCTTCTCC 

CAATAGCTTT 



CTGAAGGCCC 
CTAAAAGACA 
TCCTCAGGTT 
TTGGGAGAGA 
CAAGAATTTC 
AAACAGTACA 
CAGTGAATGA 
GACATCGTGA 
AGCCTATGCC 
AGCCACTAGC 
GGTACTGTTA 
TATCTGGCAG 
ATCAGCTCAT 
GTGATTGCAA 
TCTTCATCCT 
AGACCTTGAC 
TATTCCATGG 
ACAAGCACTT 
TGAGCTCCCC 
GTTGATGGCT 
TTGCAAGTTC 
TCCAAGCTTG 
GATGAGGCTT 
TTGCACCATC 
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2151 ATTATATGGA TAGCTTCAGC ACTTCATGCA GCACTCCATT TTGGCTTATA 

2201 CTCTTACGCT GGTTATCTCC CTAATCGCCC TACTTTAAGC TGTAATTTGA 

2251 TGCCAGAGCC AGGAAGTGTT GAGTATGAAG AGCTCAAGAC AAATCCAGAC 

2301 AAGGTATTCC TAAAAACATT TGTTCCTCAG TTGCAATCAC TGCTTGAAAT 

2351 TTCCATCTTT GAGGTCTCGT CAAGGCATGC TTCAGATGAG GTTTACTTGG 

2401 GACAAAGGGA CTCAATTGAA TGGACAAAGG ATAAAGAACC ACTTGTAGCT 

2451 TTTGAGAGGT TTGGAAAGAT GCTAAGTGAT ATCGAGAATC GAATTATGAT 

2501 AATGAATAGT CATAAGAGTT GGAAGAACAG GTCAGGGCCT GTTAACGTTC 

2551 CATATACGTT GCTCTTTCCC ACAAGTGAAG AGGGACTCAC AGGCAAAG 
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FIG. 2 



SEQ ID NO; 2 



1 

51 
101 
151 
201 
251 
301 
351 
401 
451 
501 
551 
601 
651 
701 
751 
801 
851 
901 
951 
1001 
1051 
1101 
1151 
1201 
1251 
1301 
1351 
1401 
1451 
1501 
1551 
1601 
1651 
1701 
1751 
1801 
1851 
1901 
1951 



TTTTCTTAAT 

TTGGGTGGAA 

GAAAGGAAGA 

TAGGTGCTTC 

TCTATCCAAT 

ACTGAGCAAT 

TAACAGCAGG 

GAGTTTGGAG 
GTTCTTTCTC 

TCCATTTTGT 
GACCGCATTT 
ACCATTGCGA 
GAACTGGAAA 
AATGACTTGG 
TGGAGGGTCC 
AACCAACCAA 
AGCTTAGACA 
GTCAGACTTT 



CTGCGTTTAA 

GCGGATGTAC 

TTGGTTGAAA 

TCCTTCAAAC 

ATTCAAGGCG 

AATGTTGGCA 

CTCCGAAGAG 

ATTACCACAG 

GGCAATCAAG 

TGCCACTATT 

TCAAGAACTC 

AATTGAACTA 

GTAAAGTATA 

TTTGCCAAAG 

TAGCCACTGG 

CAAATAGGCA 

CATTTCCGTA 

CTATGATGGT 

AAATGTCAGC 

CCTGCTGATC 

ACATGGCATT 

TGGAAATTTG 



TAAAAAAAAA 
TTGTGGATGC 
GTGATTTTGA 
AGTTGTTGAT 
TGATAAGTGG 
CCAG CAT ACT 
GGAATCAACT 
TTCCAGGAGC 
AAGTCACTCA 
ATGCAATTCT 
TCTTTGCCAA 
AAATACAGAG 
GCTTGAAGAA 
GTGAACCAGA 
TCTGAGTACC 
AGCAGATCCT 
TATATGTCCC 
TTGACGTCGT 
GGCTTTGTGC 
TTAATCTCTA 
GCCATTACTG 
GGATGGTCAA 
ATAAAACTGC 
GGATCCAATC 
CAAGTTGGAT 
AACATGTACA 
AGTAACAGGT 
GAGGAAAATT 
TGCTCTTCCT 
AGCTTG CCAC 
TACACCAGCT 
CCTATGTAGC 
TTGAATACAC 
TCTAAGTGTG 
ACACGATGAA 
GGTTTTGAGA 
AGCAGCTTAC 
TCCTCAAAAG 
CGTTTACTGA 
GGCAGCAATC 



ATATTTCTGT 
CATCCTTGGA 
TGAAAAAAAA 
GGCATTTCTG 
TTCTGTTAAT 
TAGAGAGTTG 
TTTAGTGTTA 
ATTCATCATC 
CACTCGAAGA 
TGGGTTTATC 
TCAGGCTTAT 
AAAATGAACT 
TGGGACAGGG 
TAAGGGGGAA 
CGTATCCTCG 
AATTGCGAGA 
AAGGGACGAG 
CCTTAAAATC 
GATAACACGC 
TGAAGGAGGA 
ATAACATTTC 
GGCCTACTTA 
ATGGAGGACG 
CTGTCT7AAT 
CCAAC CATAT 
GGATAAGTTG 
TATTCATATT 
AACATGTCAG 
ACAAGATGAT 
ATCCAGACGG 
GACCAAGGTG 
AGTGAATGAC 
ACGCGGTGAT 
CTTCATCCCA 
CATAAATGCT 
CGTCTCTTTT 
AAAGATTGGG 
AGGAGTGGCT 
TTCTGGACTA 
AAAAGTTGGG 



TTAAATAGTT 
AAAGATGATA 
TGTTCTAGAC 
ATTTACTTGG 
TATGATGGTT 
GCTTACAGAC 
CATTTGACTG 
AAGAATCTTC 
TGTTCCTAAT 
CTGCTTTTAG 
CTCCCAAGTG 
GGTAGCTTTG 
TTTATGATTA 
GAGTATG CT A 
TAGAGGCAGG 
GCAGGAACCC 
CGATTTGGTC 
CTCTTTGCAA 
CTAATGAGTT 
ATCAAGTTGC 
CTCAGAGATA 
AGTACCCAAC 
GATGAAGAAT 
CAGTAGACTC 
ATGGAAACCA 
AATGGATTAA 
GAACCACCAT 
CAAACACAAA 
AGAACTTTGA 
AGATCAATTT 
TTGAAGGTTC 
ATGGGCATTC 
CGAACCATTT 
TTCATAAACT 
TTAGCAAGAG 
TCCTGCCAAA 
TTTTCCCTGA 
GTTGAGGACT 
TCCATATGCT 
TAACAGAATA 



AATCATGTCT 
GGCCAAAAGT 
TTCATTAATA 
CCAAAAAGTC 
TGGAAGGGAA 
ATCACCCCAA 
GGATCGTGAC 
ATCTTAATGA 
TATGGAAAAA 
ATACAAGTCT 
AAACACCACA 
CGAGGAGATG 
TGCTTGCTAC 
GGCCT ATCCT 
ACAGGCCGCG 
ATTGCCTATG 
ATGTGAAGAA 
ACGCTTCTCC 
CAATAGCTTT 
CTGAAGGCCC 
CTAAAAGACA 
TCCTCAGGTT 
TTGGGAGAGA 
CAAGAATTTC 
AAA CAG T AC A 
CAGTGAATGA 
GACATCGTGA 
AGCCTATGCC 
AGCCACTAGC 
G3TACTGTTA 
TATCTGGCAG 
ATCAGCTCAT 
GTGATTGCAA 
TCTTCATCCT 
AGACCTTGAC 
TATTCCATGG 
ACAAGCACTT 
TGAGCTCCCC 
GTTGATGGCT 
TTGCAAGTTC 
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2001 TATTACAAAT 

2051 GTGGAAGGAG 

2101 GGTGGCCTAA 

2151 ATTATATGGA 

2201 CTCTTACGCT 

22 51 TGCCAGAGCC 

2301 AAGGTATTCC 

2351 TTCCATCTTT 

24 01 GACAAAGGGA 

2451 TTTGAGAGGT 

2501 AATGAATAGT 

2551 CATATACGTT 

2601 ATTCCCAACA 

2651 GCTTGTGTTA 

2701 AGAGTATTGT 

2751 GTATAGTATT 

2 SOI ATTCCCAACC 

2851 AAAAAAAAAA 



CTGACGAGAC 

CTCCGCGAAG 

ACTGCAAACT 

TAGCTTCAGC 

GGTTATCTCC 

AGGAAG7GTT 

TAAAAACATT 

GAGGTC7CGT 

CTCAA77GAA 

TTGGAAAGAT 

CATAAGAGTT 

GCTCT77CCC 

GTGTGT CTAT 

CTTGTTATTC 

ATTG T ATT GT 

ATTGATTTAA 

AAATAAACTC 

AAAAAAAAAA 



AGTAGAGAAA 
AAGGACATGG 
CGACAAGAGC 
ACTT CATGCA 
CTAATCGCCC 
GAGTATGAAG 
TGTTCCTCAG 
CAAGG CATG C 
TGGACAAAGG 
GCTAAGTGAT 
GGAAGAACAG 
ACAAGTGAAG 
ATAGAACTTA 
CCAACCAAAT 

ATACAATGTT 
TTTGTTTCAA 



GACACTGAAC 
CGACAAGAAA 
T CAG AG ATT G 
GCACTCCATT 
TACTTTAAGC 
AGCTCAAGAC 
TTGCAATCAC 
TTCAGATGAG 
ATAAAGAACC 
ATCGAGAATC 

AGGGACTCAC 
TTATTCAATC 
AAAC7CTTTG 

^ * . uiAl 1 

TGTTG C ACTT 
ATAAAGCTGT 



TCCAAGCTTG 
GATGAGGCTT 
TTGCACCATC 
TTGGCTTATA 
TGTAATTTGA 
AAATC CAG AC 
TGCTTGAAAT 
GTTTACTTGG 
ACTTGTAGCT 
GAATTATGAT 
GTTAACGTTC 
AGGCAAAGGA 
AGTTTGTTGT 
TTCCAAATAA 
GTATTATATT 
GTTTCTTGTT 
AGTTGGTTTT 
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FIG. 3 



1 TTTTCTTAAT 
51 TTGGGTGGAA 
101 GAAAGGAAGA 
151 TAGGTGCTTC 

2 01 TCTATCCAAT 
251 ACTGAGCAAT 



TAAAAAAAAA 
TTGTGGATGC 
GTGATTTTGA 
AGTTGTTGAT 
TGATAAGTGG 
CCAGCATACT 



SEQ ID NO: 3 

ATATTTCTGT 
CATC CTTGGA 
TGAAAAAAAA 
GGCATTTCTG 
TTCTGTTAAT 
TAGAGAGTTG 



TTAAATAGTT 
AAAGATGATA 
TGTTCTAGAC 
ATTTACTTGG 
TATGATGGTT 
GCTTACAGAC 



AATCATGTCT 
GGCCAAAAGT 
TTCATTAATA 
CCAAAAAGTC 
TGGAAGGGAA 
ATCACCC 
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Fig. 4 

Nucleotide sequence cf ripening-specific LOX 
cDNA used for chimeric gene constructions.. 

SEQ ID NO: 4 



- 


TTTTCTTAAT 


TAAAAAAAAA 


ATATTTCTGT 


TTAAATAGTT 


AATCATGTCT 


51 


TTGGGTGGAA 


TTGTGGATGC 


CATCCTTGGA 


AAAGATGATA 


GGCCAAAAGT 


101 


GAAAGGAAGA 


GTGATTTTGA 


TGAAAAAAAA 


TGTTCTAGAC 


TTCATTAATA 


151 


i AGGTGCTTC 


AGTTGTTGAT 


GG CATTTCTG 


ATTTACTTGG 


CCAAAAAGTC 


201 


TCTATCCAAT 


TGATAAGTGG 


TTCTGTTAAT 


TATGATGGTT 


7GGAAG3GAA 


251 


ACTGAGCAAT 


CCAGCATACT 


TAGAGAGTTG 


GCTTACAGAC 


ATCACCCCAA 


301 


TAACAGCAGG 


GGAATCAACT 


TTTAGTGTTA 


CATTTGACTG 


GGATCGTGAC 


3 51 


GAGTTTGGAG 


TTCCAGGAGC 


•^1 1 J. WA X U 


AAGAATCTTC 


ATCTTAATGA 


401 




AAGTCACTCA 


CACT CGAAGA 


. TGTTCCTAAT 


TATGGAAAAA 


451 


TCCATTTTGT 


ATGCAATTCT 


TGGGTTTATC 


CTG CTTTT AG 


ATACAAGTCT 


501 


GACCGCATTT 


TCTTTGCCAA 


TCAG3CTTAT 


CTCCCAAGTG 


AAACACCACA 


551 


ACCATTGCGA 


AAATACAGAG 


AAAATGAACT 


. GGTAGCTTTG 


C3AGGAGATG 


601 


GAACTGGAAA 


GCTTGAAGAA 




TTTATGATTA 


TGCTTGCTAC 


651 


AATGACTTGG 


GTGAACC AGA 


TAAGGGGGAA 


GAGTATGCTA 


GGCCTATCCT 


701 


TGGAGGGTCC 


TCTGAGTACC 


CGTA7CCTCG 


TAGAGGCAGG 


ACAGGCCGCG 


751 


AACCAACCAA 


AGCAGATCCT 


AATTG CG AG A 


GCAGGAACCC 


ATTGCCTATG 


801 


AGGTTAGACA 


TATATGTCCC 


AAGGGACGAG 


CGATTTGGTC 


ATGTGAAGAA 


351 


GTCAGACTTT 


TTGACGTCGT 


CCTTAAAATC 


CTCTTTGCAA 


ACGCTTCTCC 


901 


CTGCGTTTAA 


GGCTTTGTGC 


GATAACACGC 


CTAATGAGTT 


CAATAGCTTT 


951 ' 


GCGGATGTAC 


TTAAT CTCT A 


TGAAGGAGGA 


ATCAAGTTGC 


CTGAAGGCCC 


1001 


TTGGTTGAAA 


GCCATTACTG 


ATAACATTTC 


2TCAGAGATA 


CTAAAAGACA 


1051 


7CCTTCAAAC 


GGATGGTCAA 


GG C CT ACTT A 


AGTACCCAAC 


TCCTCAGGTT 


1101 


ATTCAAGGC3 


ATAAAACTGC 


ATGGAGGACG 


GATGAAGAAT 


TTGGGAGAGA 


1151 


AATGTTGGCA 


GGATCCAATC 


CTGT CTTAAT 


CAGTAGACTC 


CAAGAATTTC 


1201 


CTCCGAAGAG 


CAAGTTGGAT 


CCAACCATAT 


ATGG AAAC C A 


AAACAGTACA 


1251 


ATTACCACAG 


AACATGTACA 


GGATAAGTTG 


AATGGATTAA 


CAGTGAATGA 


1301 


GGCAATCAAG 


AGTAACAGGT 


T ATT CAT ATT 


G AAC C AC CAT 


GACATCGTGA 


13 51 


7 3 C C ACT AT T 


G AG GAAAATT 


AACA737CA3 


C AAAC A 3AAA 


• ** ****** *. t~+** r*** 


1401 


TCAAGAACTC 


TGCTCTTCCT 


ACAAGATGAT 


AGAACTTTGA 


AGCCACTAGC 


14 51 


AATTGAACTA 


AGCTTGCCAC 


ATCCAGACGG 


AGATCAATTT 


GGTACTGTTA 


1501 


GTAAAGTATA 


TACACCAGCT 


GACCAAGGTG 


TTGAAGGTTC 


TAT CTGGCAG 


1551 


TTTGCCAAAG 


CCTATGTAGC 


AGTGAATGAC 


ATGGGCATTC 


ATCAGCTCAT 


1601 


TAGCCACTGG 


TTGAATACAC 


ACGCGGTGAT 


CGAACCATTT 


GTGATTGCAA 


1651 


CAAATAGGCA 


TCTAAGTGTG 


CTTCATCCCA 


TTCATAAACT 


TCTTCATCCT 


1701 


CATTTCCGTA 


ACACGATGAA 


CATAAATGCT 


TTAGCAAGAG 


AGACCTTGAC 


1751 


CTATGATGGT 


GGTTTTGAGA 


CGTCTCTTTT 


TCCTCCCAAA 


TATTCCATGG 


1801 


AAATGTCAGC 


AGCAGCTTAC 


AAAGATTGGG 


TTTTCCCTGA 


ACAAGCACTT 
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lltl ESSSS? ssSSS SSS?S TGAGCTCC ~ 
-J SSS SSsF SSSS ESSE 

2051 SSSSEJS GACACTGAAC TCCAAGcSg 

2101 GGTGGCCTAA CGACAAGAAA GATGAGGCTT 

2151 ATTATATGGA TAGC^AGC SIS?^ TCAGAGATTG TTGCACCATC 

2201 CTCTTACGCT GG^TclcC cSI^C 2522 ™ QCTO ™ 

2251 TGCCAGAGCC AGGAAGTGT- GA^I-"*^ iACTTTAAGC TGTAATTTGA 

2301 AAGGTATTCC TAAAAACATT TG^C^r f^ tCM ^ C AAATCCAGAC 

2351 TTCCATCTTT GAGGTCTC- 1^-^ TTGCAATCAG TGCTTGAAAT 

2401 GACAAAGGGA S5£SS£ GTTTACTTGG 

2451 TTTGAGAGGT TTGGAAAGAT GCTaar^ar ATAAAGAAC C ACTTGTAGCT 

2501 AATGAATAGT StAAG^™ S^"^ ATCGAGAATG GAATTATGAT 

2551 CATATACGTT GCTCTT^CCC ACA^™^ GTCAGGGCCT GTTAACGTTC 

2501 ATTCCCAACA ^TGTGTC^^ aS*^^ AGGGACTCAC AGGCAAAGGA 

2S51 GCTTGTGTTA OTCT^ ^^fT* TTAT ^AATC AGTTTGTTGT 

2701 AGAGTATTGT Sg^TC" ^^G TTCCAAATAA 

2751 GTATAGTATT aSSS^ SIc^™ f^GTATT GTATTATATT 

2801 ATTCCCAACC GTTTCTTGTT 

2851 AAAAAAAAAA AAAAAAAAAA A ATAAAGCTGT AGTTGGTTTT 
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FRS-LOX cDNA (2871 bp) 

EcoRI 

IGCTTACAGACATCACCCI 

0 297 



Eco Rl Xho I 




2598 2871 



B. pUSL2/pUAL2 (2871 bp) 



2871 



C. pMLSL/pMLAL (2440 bp) 



r 



158 



Eco Rl 



2598 



D. pUEL300A (297 bp) 



IGCTTACAGACATCACCCI 



0 297 



■■)■■: 



Fig. 5 
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% FRUIT FIRMNESS (Lbs) MEASUREMENTS 
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Fig. 6 
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